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PATENT 
Atty Dkt. No. 040070-422 



METHOD AND APPARATUS FOR DOPPLER 
FREQUENCY ESTIMATION 

BACKGROUND 

The invention relates to Doppler frequency estimation, and more 
5 particularly, to receiving spread spectrum radio signals, such as digitally 

modulated signals in a Code Division Multiple Access (CDMA) mobile radio 
telephone system. 

In a CDMA system, different users, base stations, and services are usually 
separated by unique spreading sequences/codes. The rate of the spreading code 

10 (usually referred to as the chip rate) is larger than the information symbol rate. 

The code rate divided by the information symbol rate is usually referred to as the 
spreading factor (sf). An information data stream is spread (or coded) by 
multiplying the information data stream with the spreading code. In a system 
where there are multiple users, coded signals can be added together to form a 

15 composite signal. A receiver can recover any one of the information data streams 
by correlating the composite signal with the conjugate of the corresponding 
spreading code. 

In a mobile communications system, signals transmitted between base and 
mobile stations typically suffer from echo distortion or time dispersion (multipath 

20 delay). Multipath delay is caused by, for example, signal reflections from large 

buildings or nearby mountain ranges. The obstructions cause the signal to proceed 
to the receiver along not one, but many paths. The receiver receives a composite 
signal of multiple versions of the transmitted signal that have propagated along 
different paths (referred to as "rays"). In order to optimally detect the transmitted 

25 signal, a device known as a searcher finds the different rays, and another device 
known as a RAKE receiver "rakes" them together. 
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FIG. 1 is an illustration of an exemplary frame structure in a CDMA 
system. Frame 100 has multiple slots 101, 102, 103, 104, . . . , 116. Each slot 
has a pilot portion 120 and a data portion 130. It will be evident to those skilled 
in the art that different CDMA systems may have different frame structures. In 

5 the example shown, the pilot portion 120 has four pilot symbols 121, 122, 123, 
and 124, and the data portion 130 has multiple data symbols 131, 132, 133, 134, . 
. . , n. The pilot symbols 121, 122, 123, and 124 can be used to find different 
rays. Because the pilot symbols are known at the receiver, the searcher can use a 
filter that is matched to the pilot symbols (a matched filter) to find the different 

10 paths. The output of the matched filter is usually referred to as the multipath 
profile (or the delay profile). Because the received signal contains multiple 
versions of the same signal, the delay profile contains more than one spike. The 
different spikes correspond to the different rays. As discussed more fully below, 
the pilot symbols 121, 122, 123, and 124 can also be used for channel estimation. 

15 FIG. 2 is a schematic diagram of the searcher and RAKE receiver portions 

of a receiver. A transmitter (not shown) transmits a signal to receiver 200. 
Because the signal travels along multiple paths, received signal 201 contains 
multiple versions of the same signal. Searcher 300 uses a matched filter 310 and a 
peak detector 350 to find and select a set of strongest rays. Searcher 300 can use 

20 a second matched filter 320, a slot delay 330, and an accumulator 340 to search 
more than one slot of frame 100. 

RAKE receiver 400 has six fingers 410, 420, 430, 440, 450, and 460. 
Each finger is a simple receiver that is configured to receive a different path of the 
signal 201. For example, finger 410 is configured to receive a path having a time 

25 delay of td x . Fingers 420, 430, 440, 450, and 460 are configured to receive paths 
having time delays of td 2 , td 3 , td 4 , td 5 , and td 6 , respectively. The outputs of 
fingers 410, 420, 430, 440, 450, and 460 are multiplied by individual weights to 
maximize the received signal-to-noise-and-interference ratio. The weighted 
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outputs are then added by an accumulator 700. The output of accumulator 700 is 
fed to a detector 800. 

Suppose searcher 300 finds a set of rays, but that receiver 200 is a mobile 
hand-held unit. As receiver 200 moves, these rays are no longer the best rays. If 
5 receiver 200 uses weak rays, the signal quality will decrease. The only way that 
receiver 200 can maintain the same signal quality is to request additional signal 
power from the base station. Additional signal power increases the amount of 
interference experienced by the other receivers. The overall interference is 
minimized when each receiver uses the least amount of signal power possible. 

10 Searching for new rays is computationally complex. It is not only time- 

consuming, it also decreases the battery life of the receiver. The need to search 
for new paths (and the time delay of the new best paths) is largely dependent on 
the relative velocity of the receiver. If the receiver can determine the Doppler 
frequency of the mobile, the receiver can determine whether the mobile has moved 

15 and whether searching for new paths is necessary. The receiver can also use the 
Doppler frequency to track or predict new paths. While researchers have long 
recognized Doppler frequency as one of the phenomenons affecting the radio 
channel, these researchers have not developed an effective method for deriving the 
Doppler frequency from the received signal itself. There is a need for a simple 

20 and reliable way to determine the Doppler frequency of a mobile station. 

SUMMARY 

According to one aspect of the invention, a channel estimate generator 
generates a plurality of channel estimates and a Doppler frequency estimator uses 
two or more channel estimates to generate a Doppler frequency estimate. 
25 According to another aspect of the invention, a Doppler frequency 

estimator generates a Doppler frequency estimate by calculating the normalized 
distance between two consecutive channel estimates. 



According to another aspect of the invention, a receiver uses a Doppler 
frequency estimate to either (1) adjust the receiver, (2) estimate the velocity of the 
receiver, (3) determine whether it is necessary to search for new paths, or (4) 
predict or track new paths. 

According to another aspect of the invention, the receiver uses a moving 
average of Doppler frequency estimates to either (1) adjust the receiver, (2) 
estimate the velocity of the receiver, (3) determine whether it is necessary to 
search for new paths, or (4) predict or track new paths. 

According to another aspect of the invention, the receiver uses a weighted 
combination of Doppler frequency estimates from different paths of a received 
signal to either (1) adjust the receiver, (2) estimate the velocity of the receiver, (3) 
determine whether it is necessary to search for new paths, or (4) predict or track 
new paths. 

An advantage of the invention is that the receiver can estimate the Doppler 
frequency from the received signal itself. Another advantage is that the need to 
operate the matched filter is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing, and other objects, features, and advantages of the invention 
will be more readily understood upon reading the following detailed description in 
conjunction with the drawings in which: 

FIG. 1 is an illustration of an exemplary frame structure in a CDMA 
system; 

FIG. 2 is a schematic diagram of the searcher and RAKE receiver portions 
of a receiver; 

FIG. 3 is a schematic diagram of a RAKE finger; 

FIG. 4 is a graph of the amplitude and phase variation of consecutive 
channel estimates; 

FIG. 5 is a schematic diagram of a Doppler frequency estimator; 
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FIG. 6 is a schematic diagram of a Doppler frequency estimator; and 
FIG. 7 is a schematic diagram of a Doppler frequency estimator. 



DETAILED DESCRIPTION 

In the following description, specific details such as particular names for 

5 circuits, circuit components, and transmission techniques are discussed in order to 
provide a better understanding of the invention. However, it will be apparent to 
those skilled in the art that the invention can be practiced in other embodiments 
that depart from these specific details. In other instances, detailed descriptions of 
well-known methods and circuits are omitted so as not to obscure the description 

10 of the invention with unnecessary detail. 

As discussed above, FIG. 1 is an illustration of an exemplary frame 
structure in a CDMA system. FIG. 2 is a schematic diagram of the searcher and 
RAKE receiver portions of a receiver. FIG. 3 is a schematic diagram of a RAKE 
finger. As stated above, each finger is a simple receiver that is configured to 

15 receive a different path of signal 201. For example, finger 410 is configured to 
receive a signal from one of the paths 411. Finger 410 can be configured by 
either shifting the received signal 201 or the despreading code 112. In some 
CDMA systems, despreading code 112 is a long code that spans a large number of 
symbols. Long code 112 is used to separate, for example, different base stations. 

20 A short code is a code that spans a single symbol. A short code is used to 

separate, for example, different users in a particular cell. In FIG. 3, integrator 
514 uses the short code to obtain individual symbols. The individual symbols are 
divided into pilot symbols 521, 522, 523, and 524 and information symbols 531, 
532, 533, . . . , n. 

25 A channel estimate is a measure of the channel's amplitude and phase 

distortion. In a RAKE receiver, the receiver has to generate channel estimates for 
each finger. The channel estimate in finger 410 is different from the channel 
estimate in, for example, finger 420 because finger 410 and finger 420 are 
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configured to receive signals that traveled along different paths. The easiest way 
to generate channel estimate 601 is to compare pilot symbols 521, 522, 523, and 
524 with the known pilot symbols 121, 122, 123, and 124. Because the channel 
corruption should be the same for pilots 121, 122, 123, and 124, combiner 525 

5 can average the product of known pilot 121 with received pilot 521, known pilot 
122 with received pilot 522, known pilot 123 with received pilot 523, and known 
pilot 124 with received pilot 524. Channel estimator 527 uses the average from 
combiner 525 to generate a channel estimate 601. 

If information symbols 531, 532, 533, . . . , n are multiplied by channel 

10 estimate 601 or a filtered version thereof, it is possible to compensate for the 

channel distortion along path 411. The output of finger 410 is multiplied by an 
individual weight and is combined in accumulator 700. As discussed in more 
detail below, channel estimate 601 can also be used to generate a Doppler 
frequency estimate. 

15 FIG. 4 is a graph of the amplitude and phase variation of consecutive 

channel estimates. The channel estimates are from, for example, one of the 
fingers 410, 420, 430, 440, 450, or 460. Consecutive channel estimates, which 
are shown as an asterisk, are connected by a line. The amplitude and phase 
variation of, for example, channel estimates 601, 602, 603, and 604 depends on 

20 (1) the Rayleigh distribution of the channel and (2) the Doppler frequency of the 
receiver. As discussed in more detail below, a Doppler frequency estimator can 
be configured to use two or more channel estimates to generate a Doppler 
frequency estimate. 

FIG. 5 is a schematic diagram of a Doppler frequency estimator. Doppler 

25 frequency estimator 610 estimates the Doppler frequency by estimating the 

normalized distance between consecutive channel estimates. The normalization is 
made by dividing the complex channel estimates Ch(k) by the corresponding 
length. 



If the distance D(k) corresponds to the difference between two consecutive 
normalized complex channel estimates, 

D(k)= |Ch n (k-l)-Ch n (k)| 

the current Doppler frequency, f D (k), is given by the following equation. 

f D (k) - 360 * D(k) 

It will be evident to those skilled in the art that the speed of the mobile station can 
be found by solving the following equation, 

v(*) = V 

cos o 

where X is equal to the speed of light (3*10 8 m/s) divided by the carrier frequency 
of the signal (f c ) and 6 is the angle between the signal and the direction of travel 
of the mobile station. 

In FIG. 5, Doppler frequency estimator 610 uses channel estimates 601 
and 602 to generate Doppler frequency estimate 641. A normalizer 620 divides 
channel estimates 601 and 602 by their corresponding lengths to generate 
normalized channel estimates 621 and 622. A subtracter 630 subtracts normalized 
channel estimate 622 from normalized channel estimate 621 to generate difference 
631. A multiplier 640 multiplies difference 631 with a constant to generate 
Doppler frequency estimate 641. Doppler frequency estimate 641 can be used to 
(1) adjust the receiver, (2) estimate the velocity of the receiver, (3) determine 
whether it is necessary to search for new paths, and/or (4) predict or track new 
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paths. Velocity estimator 680 uses Doppler frequency estimate 641 to generate 
velocity estimate 681. 

If, for example, adjacent pilot symbols are used to generate more than one 
channel estimate, it is not necessary to use these consecutive channel estimates to 
5 generate a Doppler frequency. It is possible to average these consecutive channel 
estimates, and use an average from a subsequent group of adjacent pilot symbols 
to generate the Doppler frequency estimate. Channel estimate 601 may represent 
a channel estimate from a pilot symbol in slot 101 and channel estimate 602 may 
represent a channel estimate from slot 101 or slot 102. Or alternatively, channel 
10 estimate 601 may represent an average of consecutive channel estimates from slot 
101, and channel estimate 602 may represent an average of consecutive channel 
estimates from slot 102. 

FIG. 6 is a schematic diagram of a Doppler frequency estimator. When, 
for example, the mobile station is being used by a pedestrian, the change in the 
15 Doppler frequency can be quite slow. It may be advantageous in some cases to 
use a moving average of, for example, sixty-four channel estimates. In FIG. 6, a 
shift register or memory bank can be used to store a plurality of normalized 
channel estimates. Or alternatively, a shift register or a memory bank can be used 
to store a plurality of Doppler frequency estimates. A combiner 650 can sum and 
20 average the resulting channel estimates. Doppler frequency estimate 651 can be 
used to (1) adjust the receiver, (2) estimate the velocity of the receiver, (3) 
determine whether it is necessary to search for new paths, and/or (4) predict new 
paths. 

FIG. 7 is a schematic diagram of a Doppler frequency estimator. Doppler 
25 frequency estimator 610 uses channel estimates from finger 410 to calculate 

Doppler frequency estimate 661. Doppler frequency estimators 710, 810, 910, 
1010, 1110 use channel estimates from fingers 420, 430, 440, 450, and 460 to 
calculate Doppler frequency estimates 761, 861, 961, 1061, and 1161. Combiner 
670 can generate a weighted combination of estimates 661, 761, 861, 961, 1061, 



and 1161. Doppler frequency estimate 671 can be used to (1) adjust the receiver, 
(2) estimate the velocity of the receiver, (3) determine whether it is necessary to 
search for new paths, and/or (4) predict new paths. In some cases, it may be 
advantageous to use only one finger to generate the Doppler frequency estimate. 
It may be advantageous to use only the strongest finger or one of the fingers other 
than the strongest finger. In other cases, it may be advantageous to combine some 
or all of the fingers. The optimum number of fingers, the weighting of the 
fingers, and whether to use a moving average in some or all of the fingers depends 
on, inter alia, the mobile station's environment, the distance between the mobile 
station and the base station, the speed of the mobile station, and the complexity of 
the receiver. 

While the foregoing description makes reference to particular illustrative 
embodiments, these examples should not be construed as limitations. Not only 
can the inventive system be modified for other transmission techniques; it can also 
be modified for other cellular systems. Thus, the present invention is not limited 
to the disclosed embodiments, but is to be accorded the widest scope consistent 
with the claims below. 
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WHAT IS CLAIMED IS: 

1. An apparatus for receiving a signal, the apparatus comprising: 

a channel estimate generator, the channel estimate generator configured to 
generate a plurality of channel estimates; and 

a Doppler frequency estimator, the Doppler frequency estimator configured 
to use two or more channel estimates to generate a Doppler frequency estimate. 

2. An apparatus as described in claim 1, the Doppler frequency 
estimator comprising a normalizer, the normalizer configured to normalize at least 
two channel estimates. 

3. An apparatus as described in claim 2, the Doppler frequency 
estimator further comprising a subtractor, the subtractor configured to calculate a 
difference between said at lest two normalized channel estimates. 

4. An apparatus as described in claim 3, the Doppler frequency 
estimator further comprising a multiplier, the multiplier configured to multiply the 
difference with a constant. 

5. An apparatus as described in claim 1, the Doppler frequency 
estimator comprising a normalizer, the normalizer configured to normalize at least 
two consecutive channel estimates. 

6. An apparatus as described in claim 5, the Doppler frequency 
estimator further comprising a subtractor, the subtractor configured to calculate a 
difference between said at least two consecutive normalized channel estimates. 
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7. An apparatus as described in claim 6, the Doppler frequency 
estimator further comprising a multiplier, the multiplier configured to multiply the 
difference with a constant. 



8. An apparatus as described in claim 7, wherein Ch(k) and Ch(k-l) 
5 are consecutive channel estimates and the Doppler frequency estimate is given by 
the equation 

/„(*) = 360*| C « k -» - CKk) ' 



D ' |CA(Jfc-l)| |CA(Jfc)|' 

9. An apparatus as described in claim 1, the apparatus further 
comprising a velocity estimator, the velocity estimator configured to use the 
Doppler frequency estimate to generate a velocity estimate. 



10 10. An apparatus as described in claim 1, the apparatus further 

comprising a combiner, the combiner configured to average a plurality of Doppler 
frequency estimates. 

11. An apparatus as described in claim 10, the apparatus further 
comprising a velocity estimator, the velocity estimator configured to use the 
15 average to generate a velocity estimate. 



12. An apparatus as described in claim 1, the channel estimate 
generator configured to receive a first group of pilot symbols. 

13. An apparatus as described in claim 12, the channel estimate 
generator configured to receive a second group of pilot symbols, the second group 

20 of pilot symbols separated from the first group of pilot symbols by a group of 
information symbols. 
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14. An apparatus as described in claim 13, the Doppler frequency 
estimator configured to use a channel estimate from the first group of pilot 
symbols and a channel estimate from the second group of pilot symbols to 
generate the Doppler frequency estimate. 

5 15. An apparatus as described in claim 14, the Doppler frequency 

estimator configured to use an average of channel estimates from the first group of 
pilot symbols and an average of channel estimates from the second group of pilot 
symbols to generate the Doppler frequency estimate. 

16. An apparatus for receiving a spread spectrum signal, the apparatus 
10 comprising: 

a plurality of fingers; 

a searcher, the searcher configured to find a path for each finger; 

a channel estimator, the channel estimator configured to generate a 
plurality of channel estimates for one of the fingers; and 
15 a Doppler frequency estimator, the Doppler frequency estimator configured 

to use two or more channel estimates from said one of the fingers to generate a 
Doppler frequency estimate. 

17. An apparatus as described in claim 16, wherein the Doppler 
frequency estimate is used to adjust at least one of the fingers. 

20 18. An apparatus as described in claim 16, wherein the searcher uses 

the Doppler frequency estimate to determine whether to search for new paths. 

19. An apparatus as described in claim 16, wherein the Doppler 
frequency estimate is used to predict the occurrence of new paths. 



f 
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20. An apparatus as described in claim 16, wherein channel estimates 
from the strongest finger are used to generate the Doppler frequency estimate. 

21. An apparatus as described in claim 16, wherein channel estimates 
from a finger other than the strongest finger are used to generate the Doppler 

5 frequency estimate. 

22. An apparatus as described in claim 16, the apparatus further 
comprising a plurality of channel estimators and a plurality of Doppler frequency 
estimators, each Doppler frequency estimator configured to use two or more 
channel estimates from a different channel estimator to generate a Doppler 

10 frequency estimate. 

23. An apparatus as described in claim 22, the apparatus further 
comprising a combiner, the combiner configured to calculate a weighted 
combination of Doppler frequency estimates from at least two of the Doppler 
frequency estimators. 
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ABSTRACT OF THE DISCLOSURE 

A channel estimate generator generates a plurality of channel estimates and 
a Doppler frequency estimator uses two or more channel estimates to generate a 
Doppler frequency estimate. The Doppler frequency estimator generates the 

5 Doppler frequency estimate by calculating the normalized distance between two 
consecutive channel estimates. A receiver uses the Doppler frequency estimate to 
either (1) adjust the receiver, (2) estimate the velocity of the receiver, (3) 
determine whether it is necessary to search for new paths, or (4) predict or track 
new paths. The receiver can use a moving average of Doppler frequency 

10 estimates or a weighted combination of Doppler frequency estimates from 

different paths of a received signal to calculate the Doppler frequency estimate. 



FIG. 2 




FIG, 3 



1)2 



,11.122,123,121* 

s 

(Pilot)* 
(Long Code)* 




4 

l 



525 

i 



527 



£3 



Received 
signal fro 
path # k 



521,522,523, 
5z4 



3 tg 



<o\0 



To the 
Copper 





SF 




1 V 



Chip rate 




Information ^ To the 

combiner 



531,532,533, „, y O 



900 



mo 



FIG. 5 



£,02. 



620 



630 



Channel 
Estimate 
#2 from 
path#k 



Channel 
Estimate 
#1 from 
path#k 



NORMALIZER 



622 



621 



SUBTRACTOR 



631 



MULTIPLIER 



'©01 



610 



FIG. 6 



- 


620 

r 




630 

r 

s 

i 




640 

r 

s 


Oi(64^ 




0\(64) 




T>(64) 














Ch(632 




01,(63) 




— > 






NORMALIZER 




SUBTRACTOR 




MULTIPLIER 


Ch(4) 




OU4) 








. ? 








D(4) 




Ch(3) 




0^(3) 








. 








D(3) 




Ch(2) 




3£i 
















D(2) 




ch(ix 




Ch.(l). 














D(l) 




Ch(0), 




01.(0) 









650 



f D (64) 



\ 



L 

f D (4)f^f 
fn(3) // I 

^/ I 
f D (l) / 



FIG. 7 

(olO 



Channel Estimates 
from Finger #1 



Doppler Frequency 
Estimator #1 



Channel Estimates 
from Finger #2 



Channel Estimates 
from Finger #3 



Channel Estimates 
from Finger #4 



Channel Estimates 
from Finger #5 m 



Channel Estimates 
from Finger #6 



Doppler Frequency 
Estimator #2 



Doppler Frequency 
Estimator #3 



Doppler Frequency 
Estimator #4 



Doppler Frequency 
Estimator #5 




71 



Doppler Frequency 
Estimator #6 



COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY PATENT APPLICATION 



Attorney's Docket No. 
040070-422 



As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is listed below) OR AN 
ORIGINAL FIRST AND JOINT INVENTOR (if more than one name is listed below) OF THE SUBJECT MATTER 
WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION ENTITLED: 



METHOD AND APPARATUS FOR DOPPLER 
FREQUENCY ESTIMATION 



the specification of which 

(check one) H is attached hereto; 

was filed on as 

Application No. m . 

and was amended on ; 

(if applicable) 



I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, 
INCLUDING THE CLAIMS, AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE; 

I ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE OFFICE ALL INFORMATION KNOWN TO ME TO BE 
MATERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. 1.56 
(as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America before my 
or our invention thereof, or patented or described in any printed publication in any country before my or our invention 
thereof or more than one year prior to said application; that said invention was not in public use or on sale in the United 
States of America more than one year prior to said application; that said invention has not been patented or made the 
subject of an inventor's certificate issued before the date of said application in any country foreign to the United States 
of America on any application filed by me or my legal representatives or assigns more than twelve months prior to said 
application; 

I hereby claim foreign priority benefits under Title 35, United States Code Sec. 119 and/or Sec. 365 of any foreign 
application(s) for patent or inventor's certificate as indicated below and have also identified below any foreign 
application for patent or inventor's certificate on this invention having a filing date before that of the application(s) on 
which priority is claimed: 



Page 1 of 2 



(07/99) 



COUNTRY/INTERNATIONAL 


APPLICATION NUMBER 


DATE OF FILING 

(day, month, year) 


PRIORITY 
CLAIMED 








YES_ NO_ 








YES„ NO_ 



COMBINED DECLARATION AND POWER OF ATTORNEY 



Attorney's Docket No. 
040070-422 



I hereby appoint the following attorneys and agent(s) toprosecute said application and to transact all business in the Patent and 
Trademark Office connected therewith and to file, prosecute and to transact all business in connection with international 
applications directed to said invention: 



William L. Mathis 17,337 

Roberts. Swecker 19,885 

Platon N. Mandros 22,124 

Benton S. Duffett, Jr. 22,030 

Norman H. Stepno 22,716 

Ronald L. Grudziecki 24,970 

Frederick G. Michaud, Jr. 26,003 

AlanE. Kopecki 25,813 

Regis E. Slutter 26,999 

Samuel C. Miller III 27,360 

Robert G. Mukai 28,531 

George A. Hovanec, Jr. 28,223 

James A. LaBarre 28,632 

E. Joseph Gess 28,510 



R. Danny Huntington 
Eric H. Weisblatt 
James W. Peterson 
Teresa Stanek Rea 
Robert E. Krebs 
William C. Rowland 
T. Gene Dillahunty 
Patrick C. Keane 
Bruce J. Boggs, Jr. 
William H. Benz 
Peter K. Skiff 
Richard J. McGrath 
Matthew L. Schneider 
Michael G. Savage 



27,903 
30,505 
26,057 
30,427 
25,885 
30,888 
25,423 
32,858 
32,344 
25,952 
31,917 
29,195 
32,814 
32,596 



Gerald F. Swiss 30,113 

Michael J. Ure 33,089 

Charles F. Wieland III 33,096 

Bruce T. Wieder 33,815 

Todd R. Walters 34,040 

Ronni S. Jillions 31,979 

Harold R. Brown III 36,341 

Allen R. Baum 36,086 

Steven M. du Bois 35,023 

Brian P. O'Shaughnessy 32,747 



land: Alan L. Whitehurst, Registration No. 43,263 



Address all correspondence to: 



Ronald L. Grudziecki 

Burns, Doane, Swecker & Mathis, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



: Address all telephone calls to : Alan L. Whitehurst 



at (703) 836-6620. 



1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
"gnd belief are believed to be true; and further that these statements were made with the knowledge that willful false 
■statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
Ignited States Code and that such willful false statements may jeopardize the validity of the application or any patent issued 
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